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EFFECTIVENESS OF SMALL NATURE PRESERVES FOR BREEDING BIRDS
Abstract.--Small nature preserves in fragmented landscapes may not provide suitable conditions
for maintaining viable populations of many breeding birds. We compared species composition,
relative abundance, and nesting success of birds among 15 forest-dominated nature preserves in
Illinois. The preserves ranged from 40 to 3,500 acres and included true habitat islands and sites
embedded in larger blocks of forest. The preserves contained 108 species of forest birds during
the breeding season. The larger (>500 acre) nature preserves contained the richest and most
diverse breeding communities, but the smaller preserves, in aggregate, included nearly all the same
species. Roughly half of the 108 breeding bird species are associated with forest openings created
by fires, flooding, and/or blowdowns. Ordination of the 15 communities using Principal
Components Analysis showed that southern swamp/floodplain forests and open, savannah
woodlands had distinct bird communities from the upland, closed-canopy oak forests that cover
most of Illinois.
Low nesting success is a chronic problem in all of Illinois' fragmented landscapes.
Accordingly, we observed low reproductive success of forest birds within the preserves owing to
high levels of cowbird parasitism and nest predation in all nature preserves. Although nesting
success was somewhat greater in larger and buffered nature preserves, we observed no area
effects. Levels of nest predation and brood parasitism were higher near edges in some, but not
all nature preserves.
These data suggest that the nature preserve system of Illinois provides suitable habitat for
attracting most forest species in Illinois. Improving nest success, however, may require larger
preserves than those now available in Illinois because many populations are unlikely to be self-
sustaining.

INTRODUCTION
The ecological effects of habitat fragmentation pose problems for birds breeding in small
nature preserves. Negative effects of habitat fragmentation have been well documented in
breeding birds of midwestern forests and grasslands (Robinson 1988, Robinson and Wilcove
1994, Herkert 1994, Robinson et al. 1995). Area-sensitivity, the absence of birds from small
tracts even when suitable habitat is present, is pronounced in midwestern grasslands (Herkert
1991) and forests (Bond 1957, Kendeigh 1982, Ambuel and Temple 1982, Hayden et al. 1985,
Blake and Karr 1984, 1987). Freemark and Collins (1992) found that area sensitivity was more
extreme in the isolated tracts of the Midwest than in the more closely spaced tracts of forest of
eastern North America. Although there are few long-term censuses from midwestern fragmented
habitats, available evidence suggests long-term declines in populations of many species in
fragmented grasslands (Herkert 1992 et al.) and eastern forests (Hagan 1993, Wilcove and
Robinson 1990).
A frequently hypothesized cause of area sensitivity and local population declines of certain
species within fragmented landscapes is reproductive failure (reviewed in Temple and Cary 1988,
Askins et al 1990, Wilcove and Robinson 1990, Faaborg et al. 1993, Robinson and Wilcove
1994). Fragmented forests are characterized by high levels of edge-related nest predation (Gates
and Gysel 1978, Angelstom 1986), brood parasitism by Brown-headed Cowbirds ([Molothrus
aterl Brittingham and Temple 1983), or both (Temple and Cary 1988, Robinson 1992, Johnson
and Temple 1990, Robinson et al. 1995). Brood parasitism severely reduces nesting success
because host species raise cowbird young in place of their own (Friedmann 1929, Rothstein 1975,
May and Robinson 1985, Robinson et al. 1993, in press-b,c). In combination, high levels of
parasitism and predation may drive local populations to extirpation in the absence of immigration
(Temple and Cary 1988, Brawn and Robinson 1996).
Fragmentation-related problems with nesting success are particularly severe in chronically
fragmented sections of the Midwest (Gibbs and Faaborg 1990, Robinson et al. 1995).
Community-wide levels of brood parasitism in small Illinois woodlots (Robinson 1992, Robinson
et al., in press-c) are among the highest documented. A study of geographical variation in
parasitism levels of the Wood Thrush (Hylocichla mustelina) showed the highest intensity in the
Midwest (Hoover and Brittingham 1993). In the Bariboo Hills of south-central Wisconsin,
parasitism levels near edges averaged 50-80% (Brittingham and Temple 1983).
Demographic data suggest that populations of many forest breeding species in severely
fragmented landscapes may be "sinks" (sensu Pulliam 1988) that produce too few young to
compensate for adult mortality (Robinson 1992, Brawn and Robinson 1996, Trine et al., in press).
Rates of parasitism and predation are so much lower in more forested landscapes (>75%) that
they may act as "sources" that produce a surplus of young able to recolonize small tracts in
fragmented landscapes (Robinson et al. 1995, Thompson et al., in press). The persistence of non-
reproducing populations in small fragments provides some of the best evidence to date that
source-sink dynamics operate in a regional scale (Robinson 1992, Robinson et al. 1995, Brawn
and Robinson 1996). Bird populations in small forest tracts in northern Missouri, Illinois, and
southern Wisconsin may be maintained by immigrants from forested regions in the Missouri
Ozarks, Hoosier National Forest area of south-central Indiana, and in northern Wisconsin and
Minnesota (Robinson et al. 1995), or even from outside the region.
In this chapter, we use Illinois as a case study to assess how effective nature preserves are
in preserving the forest bird communities in a chronically fragmented landscape. We first examine
their effectiveness in providing habitat for forest birds during the breeding season. In the second
section, we use data on nesting success from six sites to explore reproductive success in relation
to tract size and buffering from surrounding agriculture.
STUDY AREAS
Our study sites consisted of 15 nature preserves in Illinois (Fig. 1). We censused bird
populations in all 15 preserves and measured songbird nesting success in six of them (Table 1).
Each site is a dedicated Nature Preserve (IDOC 1990, Herkert, this volume). Although we have
data from many other sites (Robinson et al. 1995, Brawn and Robinson 1994, 1996), we restrict
our analyses here to Nature preserves and evaluating their potential for conserving midwestern
forest bird communities.
The 15 sites represent a wide range of forest types (Table 1) and geographical locations
throughout Illinois (Fig. 1). Relative to Illinois forests in general (Iverson 1989) and to the
Nature Preserve system as a whole, swamp forests (HL, MS, S8, LBS, parts of HP) are
somewhat overrepresented and small barrens and glades are underrepresented (see Robinson 1994
for censuses of barrens and glades in southern Illinois). Otherwise, study tracts also include
upland forests with and without steep ravines (HMW, CSNP, FCNP, WG, HB, FELL, OH, LC),
floodplain forest (CSNP, HP), and savannas and burned tracts (HBS and RP). For the purposes
of this paper, we split the Heron Pond/Little Black Slough Nature Preserve into two different
sites, separated by 500-1000 m. The first, Heron Pond, primarily consists of mature floodplain
oak forest with relatively closed-canopy cypress swamps and an open beaver pond. The second,
Little Black Slough, consists mostly of very open-canopied tupelo-dominated swamp habitat with
standing water most years. These habitats are sufficiently different in structure to be treated
separately.
The size of nature preserves ranged from 19-1410 acres and the tracts in which they were
embedded ranged from 40-3500 acres (Table 1). Because tract sizes are often difficult to estimate
in complex landscapes (Lord and Norton 1990), we also estimated the extent to which preserves
were buffered from the surrounding agricultural fields. In this respect, tracts ranged from islands
of forest completely surrounded by agriculture (HMW, HL) to those with limited buffering
(LHNP, CSNP, FCNP, WG, S-8, HBS) to those embedded in much more extensive forests (RP,
FELL, OH, BS, HP, LC).
The six sites for which we have data on nesting success also represent a wide range of
habitat types including dry/savanna upland forest (RP), floodplain forest with some swamps (HP),
and upland oak forest with (HB, OH, FELL) and without (WG) steep ravines. Because all of
these sites tend to be fairly large (>300 acres), we could not examine the effects of very small
preserve size on nesting success.
METHODS
Censuses. Birds were censused using the fixed-radius point-count method ofHutto et al.
(1986). Observers walked predetermined routes through forest tracts and stopped every 150 m to
conduct 6-min. point counts. During the census period, observers recorded every bird heard or
observed. Points were censused 1-6 times per season depending upon the intensity of the study
(all areas in which nesting success was quantified were censused at least four times per season).
Censuses were conducted from 15 May to 30 June (southern sites) and from 20 May to 10 July
(northern), 1989-1994. Many sites, however, were only censused during a single season (Table
1). For sites that were censused more than one year, we averaged data over years. Censuses
occurred only during the morning (05:15-11:45) on days with little or no wind and no rain or
water dripping from foliage after a recent rain (Ralph et al. 1993). Six-min. census periods were
chosen (rather than five as recommended by Ralph et al. 1993) to maintain consistency with
previous studies in Illinois (Robinson 1992) and because bird-rich habitats such as floodplain
forests could not be censused adequately in 5 min. (Robinson, unpubl. data). Censuses were only
conducted by experienced observers who could identify all birds by voice. We could not control
for potential observer biases because censuses were conducted by seven different observers and
tracts were censused by different combinations of these observers. All observers were carefully
trained to improve consistency of distance estimates.
We only report observations of birds heard singing within a 70-m fixed radius around the
census point. This distance was chosen because 70-m radius circles do not overlap the radii of
neighboring census points (located 150 m apart). We chose 70 m rather than 50 m (Ralph et al.
1993) to increase the number of detections in small tracts and in tracts that were censused only
once per season. With the exception of the Blue-gray Gnatcatcher, all bird songs were audible at
least to 70 m. (Robinson, unpubl. data). Each census route was designed to include the maximum
number of census points that could be established 150 m apart and at least 50 m from an
agricultural edge. Therefore, census points were not chosen at random. Any birds heard outside
of the 70-m radius circles were recorded separately as "present" in these tracts. For small tracts,
our estimates of rare and wide-ranging species and those that vocalize irregularly will be imprecise
because only a few census points could be included. For small preserves embedded in larger
tracts, (e.g., LHNP, FCNP, MS, LC), we also included census points located in the same habitats
within 500 m of the Nature Preserve boundaries. These additional census points included species
that were not also present within the nature preserve. Inclusion of these additional points,
however, might have changed the relative abundances of some species, especially those with
patchy distributions. For each nature preserve, we calculated the mean number of detections per
census point per 70-m radius for each species.
To assess the effects of area on community structure we performed univariate and multiple
regression analysis using size of the preserve, total tract size (see Table 1), or both as independent
variables to explain variation in species richness or relative abundances. For species richness, we
analyzed all species detected and then performed separate analyses on three subsets the
community; long distance (or neotropical) migrants, short-distance migrants, and permanent
residents. Associations between area (preserve and tract) and abundance were assessed on a
species by species basis. We log transformed all variables prior to regression analyses.
To compare the bird communities on the 16 preserves, we ordinated the communities in
multivariate space using Principle Components Analysis (PCA). Average abundances of each
species within each preserve were used as the input matrix. Factor scores (i.e., correlation of
each species with each principle component) were derived after varimax rotation. To aid
interpretation, we limited the PCA to three components.
Nesting success. In the six intensive study sites (Table 1), teams of 4-10 observers
searched for nests and determined their contents and fates. Each time a nest was located, its
position was mapped and its contents were observed (including number of cowbird eggs). Nests
were then monitored every 2-3 days until they either fledged or were destroyed by predators or
storms. We quantified the frequency (proportion of nests parasitized) and intensity (cowbird eggs
per parasitized nest) of brood parasitism (Robinson et al. 1995, in press-b) for all nests found in
each nature preserve. Rates of nest predation were quantified by using the Mayfield (1975) index
to calculate the daily percentage of nests lost to predators. Rates of nest predation at different
distances from edges were compared statistically using Sauer and Williams (1989) program
CONTRAST. For sites with more than one year of data, we pooled all years together. Because
of uncontrolled year effects and the limited number of sites, we made no statistical comparisons of
nesting success among tracts. Within tracts, however, we compared frequency and intensity of
parasitism and nest predation rates at different distances from edges of anthropogenic openings
such as agricultural fields, recreational areas, and residential tracts. Distances were estimated
from mapping the location of nests and openings on topographic maps confirmed by aerial
photographs.
RESULTS
Community Composition
We observed 108 species at the 15 nature preserves (Table 2, Appendix A). Of the
potential forest species that were not recorded, two are probably extirpated from Illinois
(Swainson's Warbler [which formerly nested in Heron pond] and Bachman's Warbler), one (Black
-Throated Green Warblers) nests in non-native pine plantations, and five (Long-eared Owl,
Swainson's Hawk, Bewick's Wren, Chuck-will's-widow, and Bachman's Sparrow) occur in very
open savannas or barrens that we did not census. Bewick's Wrens formerly nested in barrens
within the Heron Pond Nature Preserve (V. Kleen, pers. comm.).
Most forest birds were found in two or more of the Nature preserves (Table 2). Only the
Yellow-bellied Sapsucker (north only), Ruffed Grouse (reintroduced in the south and probably
extinct as of 1993, Robinson, unpubl. data), Prairie Warbler, Canada Warbler (north only), Lark
Sparrow, and Sharp-shinned Hawk, were recorded at just one site. With the exception of the
state-endangered Sharp-shinned Hawk, all of these species either barely occur in Illinois or are
mostly restricted to nonforest habitat (e.g., Lark Sparrow, Prairie Warbler).
Species restricted to far northern Illinois were found in several northern preserves (e.g.,
Veery, Least Flycatcher), and those restricted to southern Illinois (e.g., Black Vulture, Mississippi
Kite) were found in several southern preserves. Pine Warblers were only found in pine
plantations along the edge of two southern nature preserves (Appendix A). Native populations,
however, survive in the Pine Hills Ecological Area, a protected section of the Shawnee National
Forest where Shortleaf Pines occur naturally (Robinson 1994).
Area effects. We found clear area effects on avian species richness within the preserves.
Species richness was significantly associated with area of the preserve (Coefficient = 0.14,
Adjusted R2 = .45; E1,14 = 13.37; P < 0.001) and total tract size (Coefficient = 0.14; Adjusted R2
=.51; F1,14 = 16.73; P < 0.001). Stepwise regression, using preserve area and tract area as
independent variables, indicated that total tract size was the better predictor of species richness.
With tract size in the model, preserve size explained little residual variation.
Swamp and floodplain forests in southern Illinois consistently contained more species than
comparably sized upland forest tracts, partly because of the addition of aquatic species and partly
because of the addition of species that require open canopies (see below). The low species
richness of the four smallest sites undoubtedly resulted in part from their low census intensity (one
visit each). A single census in three swamps (HL, S8, and MS), however, yielded 52, 54 and 51
species, respectively. Burned upland forests (HBS and RP) had low species richness relative to
tracts of comparable size. The richest upland-dominated tract (FELL) also contained a small
section of floodplain forest.
Analysis of area effects on long-distance (neotropical) migrants, short-distance migrants,
and permanent residents indicated that area was an important predictor of species richness within
each group (Fig. 2). Neotropical migrants, however, were the most area sensitive; multiple
regression revealed that nearly one half the variation in neotropical migrant species richness was
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explained by the combined effects of tract area and preserve area (Adjusted R2 = .47; F,13 = 7.92;
P < 0.01) (Fig. 2a,b). Size of preserve explained only 5% of the residual variation after tract size
was entered into the model. Interestingly, size of preserve was the only important predictor of
species richness within the short-distance migrants (Adjusted R2 = .32; E1,14= 7.92; P = 0.041)
(Fig. 2c,d). For permanent residents, which were least sensitive to area, only tract size was
significant (Adjusted R2 = .24; Fi,14 = 5.81; P < 0.05) (Fig. 2e, f).
Overall, abundance per point (all species pooled) was not significantly associated with
tract size (Adjusted R2 = .001; z2,13 = .10; P = 0.91), but area effects on the abundances of many
species were pronounced (Table 2). Overall, abundance was significantly (P < 0.10) positively
correlated with area for 12 species and negatively correlated with area for 8 species. Abundances
of the remaining species were only weakly associated with area
Of the species with abundances positively correlated with tract size (Table 2), some were
large-sized species (e.g., Pileated Woodpecker), some known to be area-sensitive throughout
their ranges (e.g., Veery, Kentucky, and Worm-eating warblers, Ovenbird: Herkert 1995, Wenny
et al. 1993), and others were most abundant in more extensive disturbed shrublands found in the
largest tracts (e.g., White-eyed Vireo, Black-and-white Warbler, and Rufous-sided Towhee).
Species that were less abundant in larger tracts included many permanent residents (e.g., Red-
bellied Woodpeckers) and some short-distance (e.g., Northern Flicker, see Appendix) and
neotropical migrants (e.g. House Wren, Indigo Bunting, and Baltimore Oriole, see Table 2 and
Appendix) that prefer habitat edges or open woodlands. Among forest-nesting neotropical
migrants, only the Great Crested Flycatcher and Summer Tanager showed significant trends
toward decreasing abundance with greater tract size, although the Eastern Wood-Pewee, Red-
eyed Vireo, and Scarlet Tanager showed non-significant trends (Appendix 2). Abundances of
parasitic cowbirds and nest predators such as Blue Jays, crows, and catbirds all decreased with
area (Table 2, Appendix).
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Habitat Effects. Habitat effects on community structure were pronounced (Fig. 5).
Swamp and floodplain forest (e.g., LBS, S8) were distinguished by the presence of aquatic
species (e.g., Green, Great Blue, and Yellow-crowned Night herons)and birds of open canopies
(e.g., Tree Swallow, Eastern Bluebird, White-eyed Vireo, Yellow Warbler, Song Sparrow, Red-
winged Blackbird, Mississippi Kite, and American Redstart). Of the forest species, only the Red-
Shouldered Hawk, Brown Creeper, and Prothonotary Warbler were restricted to floodplain
forests.
Closed canopy upland forest communities (e.g., OH, FELL, WG, HB, LC. CSNP, FNCP,
HMW, LHNP) tended to cluster together (Fig. 3). Only the Worm-eating Warbler, Broad-
winged Hawk, Ovenbird, and Black-and-white Warbler were confined to upland forests
(Appendix A).
Hooper Branch Savanna (HBS) was very distinct from the other communities (Fig. 3).
With the exception of the Solitary Vireo, all of the species sampled at this site are more
characteristic of grasslands (e.g., Eastern Meadowlark) and shrublands (e.g., Lark and Field
sparrows, Orchard Oriole, Northern Bobwhite, Mourning Dove, and Brown Thrasher).
Some species had specific habitat requirements and their presence depended upon the
composition and structure of the vegetation within nature preserves rather than just tract size and
geographic location. Canada and Blue-winged warblers were confined to fens (wet shrublands),
although both are also found in human-disturbed early-successional habitats such as clearcuts
outside of nature preserves (Robinson, unpubl. data). Chestnut-sided Warblers nested only along
power line right-of-ways. Eastern Phoebes were confined to cliffs and other exposed rocks.
Swainson's Warblers, when present in Illinois, were confined to canebreaks (Eddleman 1978).
Some canebreaks still exist in Heron Pond/Little Black Slough Nature Preserve, but no
Swainson's warblers have been recorded there since 1984 (V. Kleen, pers. comm.).
Many species were found in most sites, regardless of habitat, and, therefore, are insensitive
to the composition and structure of the vegetation. The species found in all 16 sites include
neotropical migrants (Yellow-billed Cuckoo, Great Crested Flycatcher, Eastern Wood-Pewee,
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Red-eyed Vireo, and Indigo Bunting), year-round residents (Great Homed Owl, Red-bellied,
Downy and Hairy woodpeckers, Blue Jay, Eastern Tufted Titmouse, either Black-capped or
Carolina Chickadee, White-breasted Nuthatch and Northern Cardinal), and a short-distance
migrant (Brown-headed Cowbird). Other species found in at least 13 sites include the Barred
Owl, Ruby-throated Hummingbird, Red-headed Woodpecker, Blue-gray Gnatcatcher, Wood
Thrush, Yellow-throated Vireo, and Scarlet Tanager.
Birds of open forests. One of the most striking aspects of Appendix A is the large number
of species that were found in wooded nature preserves, but usually are associated with such
openland habitats as edges, shrublands, savannahs, and barrens. Of the 108 species in Appendix
A, 56 require at least some kind of disturbance in the canopy. Some arboreal species appear to
require openings and/or widely scattered trees (e.g., Red-headed Woodpecker, Eastern Kingbird,
Cedar Waxwing, Solitary Vireo, Warbling Vireo, American Redstart, Northern Oriole, Summer
Tanager [in northern Illinois], and Am. Goldfinch). Shrublands that form in some openings attract
Black-billed Cuckoos, House Wrens, Gray Catbirds, White-eyed Vireos, Blue-winged, Chestnut-
sided, Prairie, Yellow, Canada and Hooded warblers, Common Yellowthroats, Yellow-breasted
Chats, Indigo Buntings, Rufous-sided Towhees, Song, Lark, Field, and Chipping sparrows, Red-
winged Blackbirds, Orchard Orioles, Northern Bobwhites, and Brown Thrashers. Possibly, these
"natural" shrublands were the original habitat of these species, many of which are now abundant
statewide in human-modified habitats (Graber and Graber 1963). Other species that require or
benefit from at least some openings include Mississippi Kite (Evans 1981), Chuck-will's-widow,
Whip-poor-will, Common Nighthawk (for nesting), Northern Flicker, Red-shouldered Hawk
(Bednarz and Dinsmore 1981), Eastern Phoebe, Tree and Northern Rough-winged swallows,
Eastern Bluebird, American Robin and Purple Martin. Maintaining these species will require
managing to perpetuate the disturbances that create openings (see below).
Nest parasitism and predation. When censusing female cowbirds by their "rattle"
vocalization (Robinson et al. 1993), there were no obvious area effects on abundance (Table 2).
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The ratios of female cowbird detections to host detections, a good index of parasitism intensity
(Robinson et al., in press-b, Thompson et al., in press), varied greatly among sites (Fig. 4). The
ratios were lowest in the largest tracts (HP/LBS, LC). Excluding the smallest tracts that included
less than 10 census points (Table 1) (HMW, LHNP, CSNP), there was a significant negative
relationship between tract size and cowbird:host ratio. The two burned areas had high
cowbird:host ratios (. 14 and .11) relative to tract size, whereas floodplain/swamp tracts had
relatively low ratios (Fig. 4).
Levels of nest predation and brood parasitism were high in all sites for most species
(Tables 3,4). Parasitism frequencies were generally high for species in all sites, but sample sizes
precluded statistical significance. Wood Thrushes, in particular, were heavily parasitized in all
sites (see also Robinson 1994, Robinson and Wilcove 1994, Robinson et al. 1995, in press-b).
Only the Northern Cardinal and Indigo Bunting showed a negative relationship between tract size
and parasitism levels. Nest predation rates also showed little consistent variation with tract size.
Wood Thrush predation rates were significantly higher within 100 m of agricultural and residential
edges in Hanover Bluff (2.6 ± 1.1, N = 229 vs. 5.8 +1.6, N = 225, P < 0.05), but not in Wards'
Grove (agricultural edge only), Fell Nature Preserve (road edges), Ozark Hills (recreation area
edges), or Heron Pond (- 500 m and ' 500 m from agricultural openings) (P > 0.10 for all
comparisons). We did not have enough nests <.50 m from edges (Paton 1994) for statistical tests.
Parasitism levels were generally higher near edges, but the differences were not significant (P >
0.10) for Ward's Grove (agricultural edges, 100m vs. > 100 m), Fell Nature Preserve (road
edges, - 100m vs. > 100 m), Hanover Bluff (agricultural and residential, < 100 m vs. >100 m),
and Ozark Hills (recreational areas, 100 m vs. > 100 m). Wood Thrushes nesting in the eastern
third of the Heron Pond area (200-700 m from agriculture) were parasitized significantly more
often (97% of 65 nests vs. 79% of 52 nests, X2 = 6.4, P < 0.05) than those in the central area,
which were located 500-2000 m from agriculture. Similarly, Acadian Flycatchers were
parasitized significantly more often in the eastern section of Heron Pond (54.3% of 46 nests vs.
25.0% of 123 nests, X2= 12.8, P < 0.01). Acadian Flycatchers were also parasitized significantly
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more often within 100 m of recreational areas than in the interior (>100 m) of Ozark Hills (75%
of 8 nests vs. 31.3% of 16 nests, Fisher Exact Probability = 0.049). Sample sizes were too small
(< 5 nests per category) for any other comparisons of edge-related differences in predation and
parasitism.
DISCUSSION
The Illinois Nature Preserves system appears to provide sufficient habitat to attract most,
or perhaps all of the forest birds native to Illinois (Appendix A). Populations of all but a few
forest species were found in the sites censused, which represent only a small fraction (<10%) of
the nature preserves in Illinois. Nevertheless, reproductive success of most species that we
studied was very low due to high levels of nest predation (> 5% daily nest predation = 70-80%
overall predation, see Table 4) and brood parasitism by cowbirds. Parasitism and predation levels
were somewhat higher in small tracts and near forest edges, at least for some species. Edge and
area effects on nest predation, however, were inconsistent among species, sites, and habitats, and
even the interior of the largest tracts had low nesting success (see also Robinson and Wilcove
1994, Thompson et al., in press). These results suggest that most, if not all of Illinois' Nature
preserves, even the largest ones, may not be providing the ecological conditions necessary for
successful nesting.
In comparison with larger forest tracts in extensively forested sections of Missouri,
Wisconsin and Indiana, levels of parasitism are extremely high in Illinois' Nature Preserves
(Robinson et al 1995, Thompson et al., in press). The typical levels of parasitism are 70-80% per
species in smaBl tracts in Illinois, compared with less than 100/ in the heavily forested central
Missouri Ozarks and less than 20% in the most forested sections of the Hoosier National Forest in
Indiana (Robinson et al. 1995). In these areas, average forest tract size is 10,000-25,000 ha and
over 80% of the landscape is forested (Robinson et al. 1995). In Illinois, which has small (<
2500-ha) tracts and less than 50% forest cover in any county (Robinson et al. 1995, Iverson
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1989) there may be no forest tracts outside the daily commuting range of cowbirds (Thompson, in
press). Given the reproductive costs of brood parasitism (Rothstein 1975, May and Robinson
1985, Robinson et al., in press-c), cowbird parasitism may be reducing the reproductive success
below levels necessary for long-term population maintenance (Brawn and Robinson 1996, Trine
et al., in press). Similarly, the generally high (4-10%) daily predation rates in Illinois' Nature
Preserves exceed those in more forested landscapes (Robinson et al., 1995) and are much higher
than the 2% daily loss rates considered typical of open-cup nesting passerines (Nice 1957,
Ricklefs 1973). These problems are most severe for neotropical migratory songbirds, most of
which build open-cup nests that are susceptible to cowbird parasitism and nest predators
(Whitcomb et al., 1981, Finch 1991, Martin 1992, Li and Martin 1991). At least one cavity-
nesting migrant, the Prothonotary Warbler, and several residents and short-distance migrants
(e.g., Northern Cardinal, Rufous-sided Towhee) also experienced high levels of parasitism and
predation (Tables 5, 6)
Problems with low reproductive success may be chronic in agricultural and urban
landscapes dominated by nonforest uses where there are unlimited feeding opportunities for
cowbirds (Thompson, in press) and some nest predators (Marini et al., in press). Very small
(<200 acre) Nature preserves may have little potential for preserving viable forest songbird
populations. The best strategy for managing reproductively viable songbird populations may be
restoring large tracts rather than focusing on smaller, high-quality Nature preserves.
Nevertheless, there many ways in which existing Nature preserves can be managed to improve
conditions and populations of forest birds. In this section we expand upon some of these
strategies.
Edge Reduction and Type
Even though many forest birds depend upon disturbances that open the canopy (Noss
1991), some human-induced edges may act as ecological traps (sensu Gates and Gysel 1978) that
attract birds but fail to provide conditions for successful nesting. Many edges are associated with
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high levels of brood parasitism (Gates and Gysel 1978, Chasko and Gates 1982, Brittingham and
Temple 1983, Temple and Cary 1988) and nest predation (Andren et al 1985, Johnson and
Temple 1990, Moller 1989, Paton 1994, Ratti and Reese 1988, Sandstrom 1991). Edges also are
associated with high populations of many nest predators including mammals (Bider 1968), snakes
(Durer and Gates 1993, Withgott 1994), and corvids (Andren 1992, Angelstom 1986, Marini et
al., in press). Adverse edge effects may be particularly severe on abrupt, human-maintained edges
(Ratti and Reese 1988, Suarez et al., ms). At least some edge-dependent species may require
more gradual, shrubby edges for successful nesting.
Edge effects, however, may vary in intensity among landscapes that differ in forest cover
(Thompson et al., in press, Robinson et al., in press-b). In landscapes saturated by nest predators
and cowbirds, parasitism and predation levels may remain high throughout a forest (Heske, in
press, Robinson and Wilcove 1994, Marini et al., in press). Edge contrast may not always affect
nest predation rates (Yahner et al. 1989). Paton (1994) concluded that most adverse edge effects
occurred within 50 m of the edge, but he did not deal with brood parasitism. Gap-dependent
species may also vary considerably in their nesting success in gaps created by logging (Robinson
and Robinson, ms.). The effects of edges on predation and parasitism levels in Illinois nature
preserves varied among sites and species. Taken together, these studies suggest that reducing the
negative impacts of edges will not be a simple task. Edge reduction may be beneficial in some
landscapes but may have little effect in others.
Tract Sizes
The debate over the size of reserves for effective conservation (single large versus several
small) remains unresolved. Whether or not scientists advocate fewer, larger preserves, or many
smaller ones depends partly on the study organism (Noss and Harris 1986). Any reserve system,
however, must contain at least a few large tracts to accommodate the needs of area-sensitive birds
(Blake and Karr 1987, see also Herkert, this vol.) and to minimize losses to nest predation and
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parasitism. A network of small (<100 acre) reserves in the Midwest would lack many
characteristic forest species (e.g., Bond 1957, Ambuel and Temple 1982, Kendeigh 1982, Blake
1986, Blake and Karr 1987). In Illinois, however, virtually all of forest birds were found in
medium sized (200-1000 acre) tracts (Appendix A). Even all large raptors occupied tracts of less
than 500 acres and some (Cooper's Hawk and Barred Owl) nested in tracts of less than 100 acres.
The higher species richness of large tracts resulted from several interrelated factors. First,
large tracts generally contained several different habitats and well-developed systems of streams
and ravines with birds of more mesic habitats (e.g., Acadian Flycatcher, Louisiana Waterthrush).
Second, they are large enough in diverse natural disturbances (e.g., blowdowns, flood damage,
fires) and other openings (e.g., floodplain backwaters, fens) that create habitat for disturbance-
dependent birds. Such natural disturbances may have been the original habitats of the
edge/shrubland birds that originally adapted well to human-altered landscapes (Forbes 1908,
Forbes and Gross 1922, Graber and Graber 1963, Noss 1991), but many of which have recently
begun to show rapid population declines (Hill and Hagan 1991, Askins 1993, Hagan 1993). A
network of medium-sized sites, however, could preserve populations of the same species as long
as they were chosen to sample a variety of habitats, managed to promote conditions for
disturbance-dependent birds, or both.
THE NEED FOR LARGER SITES
Managing forest bird populations in chronically fragmented regions such as Illinois poses a
difficult challenge. If the maintenance of many populations depends upon forested areas outside
of Illinois (Robinson et al. 1995), then local management practices may have little effect on
populations. In regions of high forest cover (> 80%) and large (>25,000-acre) tract sizes,
cowbird feeding areas are scarce and there are few agricultural areas to augment predator
populations (Robinson et al. 1995). To recreate these conditions in chronically fragmented
landscapes would require restoration of large sites (at least 10,000 acres) that would contain a
core of forest far from agricultural and residential openings. Maintaining forest bird populations
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in chronically fragmented landscapes therefore may depend upon a combination of restoration of
large sites and conservation of source habitats in often-distant unfragmented landscapes.
Migratory birds therefore require conservation on a regional (midwestern U.S.) scale as well as a
local scale. For grassland and shrubland birds, however, Illinois may once have been a major
source habitat for other parts of the Midwest. In the long run, species of these openland habitats
may be of more concern to Illinois managers than forest birds. Perhaps these species should be
the focus of management for birds on the smaller sites that represent the majority of the Illinois
nature preserves system. The network of corridors, woodlots, and diverse agroecosystems
recommended by Mankin and Warner (this vol.) might be ideal for both mammals and may open-
country birds, which may be better adapted to withstand high parasitism and predation rates
(Robinson et al., in press).
Finally, we believe that nature preserves in Illinois offer important opportunities for
monitoring communities and populations over time. By monitoring the abundances and
reproductive success of birds (or other fauna) in preserves that span a large range of tract sizes
and sample diverse habitats, we can learn much about the "behavior" of populations in fragmented
landscapes and assess the effectiveness of management practices within the preserves. Managers
often inquire whether a certain species or group of species will be preserved on areas under their
jurisdiction. With long-term monitoring of abundances and population viability, we can
potentially predict what species will be where and, importantly, for how long.
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Figure Captions
Fig. 1. Locations of nature preserves where studies of avian communities were conducted. See
text for abbreviations.
Fig. 2. Scatterplots of area and species richness of long-distance (neotropical) migrants (a, b),
short-distance migrants (c, d), and residents (e, f).
Fig. 3. Ordination of 16 avian communities based on principal components analysis. See Table 1
for abbreviations.
Fig. 4. Scatterplot between relative abundance of brown-headed cowbirds and area of nature
preserve.
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Table 2. Species with significant (P<0.10) correlations between abundance and area.
Species Coefficient Adjusted R2  Significance
Species positively correlated with area
Pileated Woodpecker 0.21 (P)1 0.33 0.015
Eastern Tufted Titmouse 0.01 (P) 0.30 0.012
Veery 0.01 (P) 0.32 0.03
Cedar Waxwing 1.2 (P) 0.36 0.03
White-eyed Vireo 0.01 (T) 0.59 0.001
Black-and-white Warbler 0.002 (P) 0.20 0.048
Cerulean Warbler 0.018 (P) 0.30 0.015
Kentucky Warbler 0.009 (T) 0.63 0.004
Ovenbird 0.003 (T) 0.40 0.02
Louisiana Waterthrush 0.003 (T) 0.83 0.001
Worm-eating Warbler 0.0013 (T) 0.27 0.06
Rufous-sided Towhee 0.009 (T) 0.13 0.091
Species negatively correlated with area
Red-bellied Woodpecker -0.54 (P) 0.13 0.09
Great Crested Flycatcher -0.50 (T) 0.20 0.044
Eastern Phoebe -0.46 (P) 0.40 0.015
Blue Jay -1.05 (T) 0.25 0.03
House Wren -0.002 (T) 0.14 0.082
European Starling -0.91 (P) 0.21 0.045
Indigo Bunting -0.003 (T) 0.20 0.043
Summer Tanager -0.009 (P) 0.27 0.046
1 P size of preserve, T = size of tract.
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